Background: Magnetic resonance imaging (MRI) is highly accurate for the depiction of both the primary tract of fistula and abscesses, in patients with perianal disease. In addition, MRI can be used to evaluate the activity of fistulas, which is a significant factor for determining the therapeutic strategy. Objectives: This study aimed to determine the usefulness of diffusion-weighted (DW) MRI for assessing activity and visibility of perianal fistula. Patients and Methods: Fifty-three patients with 56 perianal fistulas were included in the current retrospective study. The T2-weighted imaging (T2WI) and DWMRI were performed and apparent diffusion coefficient (ADC) values of fistulas were measured. Fistulas were classified into two groups: only perianal fistulas and fistulas accompanied by abscess. Fistulas were also classified into two groups, based on clinical findings: positive inflammatory activity (PIA) and negative inflammatory activity (NIA). Results: Mean ADC value (mm
Background
Incidence rate of perianal fistulas and abscesses is approximately 1 -2 per 10,000, with an approximate 2:1 male to female ratio. Underlying causes include cryptoglandular infection, Crohn's disease, radiotherapy, and secondary malignancy (1) . Magnetic resonance imaging (MRI) is highly accurate for the depiction of both the primary tract of fistula (sensitivity = 100%; specificity = 86%) and abscesses (sensitivity = 96%; specificity = 97%) in patients with perianal disease (2) . In addition to its usefulness in the anatomic investigation of perianal fistulas, MRI can be used to evaluate the activity of fistulas, which is a significant factor for determining the therapeutic strategy (3, 4) .
Although active fistulas appear hyperintense on T2-weighted images (T2WI), in some cases, hyperintensity of fistulas may be related to edema (5) . Increased enhancement on T1-weighted images (T1WI), after intravenous administration of gadolinium-based contrast material, is generally considered indicative of active inflammation (5, 6) . Studies have proven the effectiveness of dynamic contrast-enhanced MRI for determining the degree of perianal Crohn's disease activity (7, 8) . Dynamic contrastenhanced MRI was shown to be useful for identifying perianal Crohn's disease patients, who require close screening for disease progression (7) . In addition, the slope of enhancement and peak enhancement, on dynamic series, have been reported to be related to disease activity (8) .
Diffusion-weighted MRI (DWMRI) has been shown to be useful for differentiating lesions from the surrounding tissue, in patients with cancer or inflammatory diseases (9, 10) . Recently, DWMRI has been used to evaluate perianal fistulas (3, 11, 12) . In one of these studies, Yoshizako et al. (3) found that the apparent diffusion coefficient (ADC) values were significantly lower in clinically active fistulas. However, Yoshizako et al. (3) did not make a distinction between fistulas with and without abscess. Although Dohan et al. (12) concluded that DWMRI was help-ful in discriminating between a perianal abscess and an inflammatory mass, however, they did not find any correlation between ADC values of fistula and disease activity.
Objectives
In the present study, we evaluated whether abscessassociated fistulas affect perianal disease activity, as assessed by DWMRI, and determined the role of DWMRI in perianal fistula detection.
Patients and Methods

Patients
In this retrospective study, the study group consisted of 53 patients, with 56 fistulas, who underwent MRI for the diagnosis of perianal fistulas and abscesses, between November 2011 and April 2013. The sample size was not determined statistically. There were 39 male and 14 female patients, with a mean age of 37 years, and a range of 18 -70 years. Concomitant diseases included Crohn's disease (13) , ulcerative colitis (2), hematological malignancy (5), and rectal cancer (1) . Thirty-two patients had no related disease. Fistulas were classified into two groups: only perianal fistula (n = 39) and fistula accompanied by an abscess (n = 17). General exclusion criteria for MRI (pregnancy, claustrophobia, pacemaker) were applicable, as exclusion criteria. This retrospective study was approved by the institutional review board and informed consent was waived.
Magnetic Resonance Imaging
The MRI was performed using a 1.5T body MRI system (Magnetom Avanto, Siemens, Erlangen, Germany) and a pelvic phased-array coil. We did not carry out catheterization or bowel preparation of the anal canal or fistula. The MRI protocol consisted of a fat-suppressed non-contrastenhanced T1-weighted sequence (repetition time/echo time [TR/TE] = 545/8 ms; received bandwidth = 22 kHz; section thickness = 6 mm; interslice gap = 0.5 mm; matrix size = 320 × 216; field of view [FOV] = 400 mm × 400 mm; scan time = 2 minutes) and a T2-weighted sequence (TR/ TE = 3400/100 ms; received bandwidth = 20 kHz; section thickness = 4 mm; interslice gap = 0.5 mm; matrix size = 320 × 240; FOV = 250 mm × 250 mm; scan time = 2 minutes 52 seconds). The DWMRI parameters were as follows: TR/TE = 6400/101 ms; slice thickness = 5 mm; interslice gap = 0.5 mm; number of slices = 24; matrix size = 188 × 192, with reconstruction to 256 × 256; FOV = 385 mm × 385 mm; bandwidth = 173 kHz; number of signal averages = 4; b-values of 50, 400 and 800 s/mm 2 . The scan time for DWMRI was 3 minutes 1 second. The axial plane was used for DWMRI. The T2WI were also obtained in the coronal and sagittal planes.
Image Interpretation
Leonardo console (software version 2.0) (Siemens, Erlangen, Germany) was used for post-processing of MRI data sets. The MRI scans were independently evaluated by two board-certified radiologists (both D.C.O. and S.B. had 10 and 8 years of experience, in abdominal radiology, respectively). At the time of the study, each radiologist had more than 3 years of prior experience evaluating perianal diseases via DWMRI. Although the radiologists were aware that each patient had a perianal disease, they were blinded to other radiological findings, clinical histories, and results of surgeries and blood tests.
Qualitative Analysis
The MRI review was performed in three reading sessions, with a two-week interval between consecutive sessions, to avoid recall bias. Reviewers were blind to the results of previous reading sessions. A total of 56 fistulas were reviewed by the two radiologists, for inter-observer reliability. In the first session, only T2WI ("Data set 1"), while in the second session, only diffusion-weighted images ("Data set 2") were evaluated. Finally, in the third session, diffusion-weighted images and T2WI were evaluated, together ("Data set 3"). The visibility of fistulas was graded on a three-point scale from 0 to 2, as follows: 0 = no evident fistula, 1 = probably fistula, and 2 = distinct fistula. Scores of 1 and 2 were indicative of fistula presence.
A perianal fistula was defined as an oval or linear shaped structure that is hypo-to isointense on T1WI and iso-to hyperintense on T2WI. The existence of an abscess was diagnosed when there was a loculated perianal collection, with high signal intensity on diffusion-weighted images or T2WI. The fistulas were classified based on a system developed by Parks et al. (13) . This system was also used to describe the locations of the abscesses and major extensions of the fistulas.
Quantitative Analysis
One of the radiologists, (D.C.O.) reviewed 'Data set 3' and calculated the ADC values of the fistulas, using axial DWMRI (b-value = 50 s/mm 2 ), as a guide. For the ADC measurement, a circular region of interest (ROI) area was placed on the largest suspected area, and the lowest ADC value was recorded. The mean size of ROIs used for ADC measurements was 27.7 mm 2 (range, 12.2 -44.5 mm 2 ).
Standard of Reference
The patients did not receive treatment before MRI. The need for surgery, for a fistula, was determined by a colorectal surgeon (O.S.), based on the following symptoms: severe pain or restriction of daily activity, restriction of sexual activity, reddish and inflated skin, discharge of pus, and increased serum C-reactive protein (CRP) levels (> 5 mg/L, which is the cutoff value between normal and elevated CRP levels at our institution). Surgery was performed under general anesthesia. If pus was present during surgery, the fistulas were considered ac-tive. Fistulas, which needed surgery, within ten days after MRI, and which were determined to be active during surgery, were classified in the positive inflammation activity (PIA) group. Surgery was deemed unnecessary, with mild pain, no restriction or slight restriction of daily activity, absence of pus and normal serum CRP levels (< 5 mg/L). Fistulas were classified in the negative inflammation activity (NIA) group if they did not require surgery or if they were not considered active, during surgery. The colorectal surgeon, used MRI solely for localizing the lesions and not for evaluating fistula activity.
Statistical Analysis
Statistical analyses were performed using SPSS software (version 16.0; SPSS Inc., Chicago, IL, USA). The Cohen κ (kappa) test (with a 95% confidence interval (CI)) was used to evaluate inter-rater reliability (14) . The KolmogorovSmirnov test was used to examine the normal distribution of data. The ADC values of the two fistula groups were compared using the Student's t-test when parametric test assumptions were met. The correlation between PIA and ADC was evaluated using the Pearson product moment correlation. Difference in sensitivities between the three MRI datasets were assessed by the Fisher's exact test. The numbers of fistulas detected on the three MRI datasets were compared by the McNemar's test. Statistical significance was accepted at a P < 0.05.
Results
A total of 56 fistulas were observed in 53 patients. Three patients had two fistulas. Classification of fistulas, according to Parks et al. classification system (13) and locations of abscesses are reported in Table 1 .
Quantitative Evaluation
In the group of fistulas accompanied by abscess, 13 fistulas were classified into the PIA group, and four fistulas were classified into the NIA group. A statistically significant difference was found in the ADC values, between PIA (mean = 1.371 × 10 -3 ; SD = 0.168 × 10 -3 ) and NIA (mean = 1.586 × 10 -3 ; SD = 0.136 × 10 -3 ) lesions, in the fistulas accompanied by an abscess group (P = 0.036) ( Table 2 ). The examples of PIA and NIA fistulas, accompanied by an abscess group, are shown in Figures 1 and 2 .
In the group of only perianal fistulas, 18 fistulas were classified into the PIA group, while 21 fistulas were classified into the NIA group. No statistically significant difference in the ADC values was found between PIA (mean = 1.289 × 10 -3 ; SD = 0.256 × 10 -3 ) and NIA (mean = 1.238 × 10 -3 ; SD = 0.217 × 10 -3 ) lesions, in the only perianal fistula group (P = 0.507) ( Table 2 ). The example of NIA fistula, not accompanied by an abscess, is shown in Figure 3 .
When we classified all fistulas into PIA and NIA groups, regardless of the presence of an abscess, 31 fistulas were grouped into the PIA group, and 25 fistulas were grouped into the NIA group. Under this classification, no statistically significant difference was noted in the ADC values, between the PIA (mean = 1.323 × 10 -3 ; SD = 0.224 × 10 -3 ) and NIA (mean = 1.294 × 10 -3 ; SD = 0.242 × 10 -3 ) groups (P = 0.636).
Of the 56 fistulas, 50 were detected on the T2-weighted sequence, alone with a sensitivity of 89.3% (95% CI: 77.4% -95.6%). Fifty-four fistulas were detected on DWMRI, with a sensitivity of 96.4% (95% CI: 86.7% -99.4%). Fifty-six fistulas were detected on the combined evaluation with T2WI and DWMRI, with a sensitivity of 100% (95% CI: 90% -100%). A statistically significant difference was found between the combined evaluation with T2WI and DWMRI and T2WI alone (P = 0.03). The difference between DWMRI alone and T2WI alone was not statistically significant (P = 0.289) ( Table 3) . A 28-year-old man (who had no related disease) with an intersphincteric negative inflammation activity fistula not accompanied by abscess. A, Axial T2-weighted image shows a perianal fistula (arrow), exhibiting high signal intensity. B, On axial diffusion weighted imaging, the fistula (arrow) exhibits high signal intensity. C, On the axial apparent diffusion coefficient map, the value of the fistula was 1.301 × 10 -3 .
Iran J Radiol. 2015;12(4):e29084 All of the fistulas (n = 6) that were not detected on T2WI were detected on DWMRI. Two fistulas, on the other hand, were detected on T2WI and not on DWMRI. All fistulas were detected on the combined evaluation of T2WI and DWMRI. Agreement between the two independent readers for the number of fistulas was found excellent, on T2WI (kappa = 0.94), and perfect, on DWMRI and on the combined evaluation of T2WI and DWMRI (kappa = 1) (14).
Qualitative Evaluation
The visibility of the fistulas was significantly higher on the combined evaluation of T2WI and DWMRI than on T2-weighted imaging alone, for both radiologists (P = 0.046 and P = 0.014, respectively). Agreement between the two radiologists for visibility of fistulas was found good in T2-weighted sequence, alone (kappa = 0.77), and perfect in the combined evaluation of T2WI and DWMRI (kappa = 1) (14).
Discussion
Dynamic-contrast enhanced MRI is often used for the assessment of perianal fistulas and the increased conspicuity of fistula is the most important advantage of this technique (6) . Additionally, several studies have shown that dynamic contrast-enhanced MRI can help determine perianal Crohn's disease activity (7, 8) . However, it has been shown that contrast-enhanced T1WI may exaggerate the degree of perianal disease activity and the number of active fistulas (15) . Additionally, clinically inactive fistulas may enhance after intravenous gadolinium administration and may be incorrectly diagnosed as an active fistula (15) . Because of the known contraindications of contrast agents that may lead to nephrogenic systemic fibrosis and hypersensitivity (16) , alternative MRI methods that provide similar information, as contrast agents, are needed. The DWMRI is an alternative MRI technique that is cost-effective, with a very short imaging time, compared to contrast-enhanced imaging.
Perianal abscesses are quite common in patients with active fistulizing diseases (17) . Abscesses are usually manifested by acute onset of pain and require immediate surgical treatment (18) . In addition, several symptoms of positive inflammation (i.e., pain at defecation or pain at rest) more frequently occur with perianal abscesses, compared to active and inactive fistulas (19) . Previous studies showed that clinical findings and disease activity increase when an abscess accompanies a fistula (17) (18) (19) . In the present study, the mean ADC value of the PIA fistulas was significantly lower than the mean ADC value of NIA fistulas, in patients with abscess. Conversely, we did not find statistically significant differences between the mean ADC values of the PIA and NIA groups, in patients with only perianal fistulas. Our results indicate that the presence of an abscess causes restricted diffusion and low ADC values in perianal fistulas, which are correlated with fistula activity.
Restricted diffusion has been shown in many different inflammatory processes, including encephalitis, pyelonephritis, and abscesses formation (20, 21) . In addition, inflammation and fibrosis have been shown to cause decreased ADC values and restricted diffusion in the liver (22) . The characteristic histological findings of active Crohn's disease are infiltration of the lamina propria and submucosa of the small bowel, by inflammatory cells, and presence of lymphoid aggregates. Oto et al. (23) reported that these histological findings are characterized by a brighter signal on DWMRI and lower ADC values, in the inflamed bowel wall. In our study, the mean ADC value of the PIA fistulas was found significantly different from the mean ADC value of NIA fistulas, in the presence of an abscess. We suggest that the low ADC values of PIA fistulas, in the present study, could be secondary to increased cellularity, due to perianal inflammation. An increased cell density can narrow the extracellular space and restrict the diffusion of the water molecules in a PIA fistula. Thus, allowing DWMRI discriminating between active and inactive perianal fistulas that are accompanied by an abscess.
Hori et al. (11) and Dohan et al. (12) examined the role of DWMRI in the detection of perianal fistulas. The most important limitation of these studies was their small sample size. Although our study included more fistulas (n = 56) than these studies, we did not find any statistically significant difference between the number of fistulas, determined by T2WI alone and by DWMRI alone. In the current study, visibility of fistula tracks was better on the combined evaluation of T2WI and DWMRI, compared to the visibility on T2-weighted alone, which is consistent with the results of Hori et al. (11) and Dohan et al. (12) .
In an another study, Yoshizako et al. assessed the value of DWMRI in evaluating perianal fistula activity. Yo-shizako et al. (3) found a significant difference in ADCs between PIA and NIA fistulas (P = 0.0019) and concluded that DWMRI can be helpful for evaluating perianal fistula activity. Although 30 abscesses were evaluated in their study, Yoshizako et al. (3) did not classify the fistulas based on their association with abscess. In the current study, when we measured ADC values of all fistulas, regardless of the presence of an abscess, we did not find a statistically significant difference between ADC values of PIA and NIA fistulas (P = 0.636).
In a study that examined the role of DWMRI in determining the fistula activity in perianal fistula, Dohan et al. (12) did not find a correlation between ADC values and fistula activity, which is similar to our findings. However, we found a statistically significant correlation between disease activity and ADC values in abscess accompanied fistulas (P = 0.036) and suggested that increased fistula activity may be related to the presence of abscesses.
Our study has several limitations. First, a series of subjective clinical findings (pain or restriction of daily or sexual activity) were used, rather than objective surgical, inflammatory, and anatomic parameters. In addition, although the CRP level is the most widely used biochemical marker of inflammation, it is not specific to perianal fistulas and can reflect other inflammatory processes, occurring at the time of the investigation. Second, the visibility of fistulas was evaluated on a 3-point scale, rather than a 5-point scale, which might have affected the findings. Third, the present study was a retrospective and single-center study. Although our sample size for abscess associated fistulas was small, the number of perianal fistulas not accompanied by abscess, evaluated by DWMRI in the current study, is the largest in the published literature. In the future, a prospective study should be performed with a larger number of patients, to clarify the efficacy of DWMRI for determining activity and visibility of perianal fistulas. Finally, in the current study, we did not compare DWMRI with contrast enhanced T1WI and fat-suppressed T2WI, regarding their effectiveness in evaluating disease activity and detecting fistulas.
In conclusion, we found decreased ADC values and restricted diffusion in perianal fistulas, accompanied by abscesses, which show disease activity. Also, in our study, the visibility of fistula tracks was better when DWMRI and T2WI were combined, compared to T2WI alone. Therefore, we concluded that DWMRI is a valuable tool for evaluating fistula activity in patients with perianal abscess and provides better visibility of fistulas compared to T2WI.
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